REGISTERED No. M. 3121 B 


Due sity Libra 
PROCEEDINGS 


OF THE i MAY 25 1953 


INDIAN 
OF SCIENCES 


VOL, XXXVIIT} SECTION B 


— == = 


MARCH 1953 


Price Rs. 2 or 3 Sh. Annual Subscription Rs. 18 


4 
ne > Ricloew Libratd 
; 
i 
ie 
INIA 
, 
f 
ats 
i 


PRINTED AT THE BANGALORE PRESS, BANGALORE CITY, BY G. SRINIVASA RAO, 
SUPERINTENDENT, AND PUBLISHED BY THE INDIAN ACADEMY OF SCIENCES, 
: BANGALORE. 


: 


ADDITIONS TO FUNGI OF MADRAS—XIV 


By T. S. RAMAKRISHNAN, F.A.Sc., K. V. SRINIVASAN 
AND N. V. SUNDARAM 


(Agricultural Research Institute, Coimbatore) 


. Received June 28, 1952 


Balansia claviceps Speg. 


Sprague, R., Diseases of Cereals and Grasses in North America, 
Ronald Press Co., New York, 1950, pp. 54-55. 


Infecting the inflorescence of Cyrtococcum oxyphyllum Stapf (Panicum 
pilipes Nees et. Arn.) (Graminez), Malabar, 26-11-1915, C. E. C. Fischer. 


The inflorescence is completely damaged. The loose panicle becomes 
converted into a spike-like cylindrical structure with all the spikelets glued © 
together by a smoky brown hyphal growth. The ascostromata are subsessile, 
subglobose and black. A large number of them develop on each inflorescence. 
They measure 0-5 to 1-5 mm. in diameter and possess a collicular surface. 


Balansia sclerotica (Pat.) Hoebin 
Saccardo, P. A., Syll. Fung., 1891, 9, 1002, as Epichle sclerotica. 


On axillary shoots of Urochloa reptans Stapf (Graminee), Burliar, 
23-2-52, N. V. Sundaram. On axillary shoots of Paspalidium flavidum, 
A. Cam. (Graminez), Coimbatore, 15-7-22, C. S. G. Rao. 


Black sickle-shaped ascostromata develop embracing the leaves and 
-culm of axillary shoots produced from the lower nodes. The dimensions 
of these structures vary according to the host. On Urochloa they are 
3-6 mm. long and | mm. thick. On Paspalidium they measure 25-30 mm. 
in length and 1-5-3 mm. in thickness. But for this difference in size the two 
resemble each other. The ascostromata of the same species occurring on 
Brachiaria distachya Stapf in Coimbatore, are intermediate in size. The 
ascostromata are black, sickle-shaped and collicular on the convex side. 


The ephelidial state occurs as a white deposit on the upper surface of 
the top leaves. These leaves especially in Paspalidium become distorted. 
Inflorescences are formed in the affected plants but these remain mostly 
sterile. Ascostromata were not in evidence on the ears. 
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Epichle cinerea B. et Br. 
Saccardo, P. A., Sy/l. Fung., 1883, 2, 579. 


On the inflorescence of Eragrostis willdenoviana Nees (Graminex), Live- 
stock Research Station, Hosur, 15-1-38, K. M. Thomas. 


The stromata develop as ash coloured to black cylindric structures 
enclosing all the spikelets of the panicle. These are up to 40 mm. hang and 
3mm. broad with collicular surface. 


Aphysa rhynchosia (Kalchbr. and Cke.) Theiss. and Syd. 
Theissen, F. and Sydow, H., Ann. Mycol. Berl., 1917, 15, 134. 


On living leaves of Rhynchosia cyanosperma Benth. (Papilionate), 
Ootacamund, 26-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


The perithecia are arranged in groups of varying sizes producing a 
black-dotted patchy appearance on the upper surface of the leaves. These 
may be separate or a number of them fuse together. In the early stages 
there is a distinct small ostiole, but later an irregular wide opening is formed 
by the bursting of the wall. The perithecia are broad-based and develop 
under the cuticle. The asci are 8-spored, hyaline and cylindric clavate 
measuring 40-72x10-15p. The ascospores are two-celled, oblong and 
light brown when mature. They measure 16X6y (12-19 x 5-7). 


Didymospheria jambolana sp. nov. 


Spots rounded, amphigenous, yellowish, thickened, 3-4mm. in dia- 


meter; perithecia separate, hypophyllous, gregarious, globose, innate, 
erumpent, ostiolate, orange red to dark brown. 196-465 x 154-448; asci 
cylindric, 170X19p (112-240x 12-22), shortly stipitate, 8-spored; para- 
physes and periphyses present with orange coloured granular contents 
when young; ascospores elliptical, rounded at the ends, 2-celled, constrict- 


ed at the septum, olive brown when mature, monostichous, 19x12, 
(16-25 x 9-16). 


Macule circulares, amphigene, luteole, crasse, 3-4 mm. diam. peri- 
thecia separata, hypophylla, gregaria, globosa, innata, erumpentia, ostiolata, 
aurantiaco-rubra vel fusce brunnea, 196-465 x 154-448; asci cylindrici, 
170x 19 » (112-240 x 12-22), breviter stipitati, octospori; paraphyses atque 
periphyses adsunt, contentis granularibus aurantiacis in juvenili statu; 
ascospore elliptice, rotundate ad apicem, bicellulate, constricte ad septum, 
olivaceo-brunnee ad maturitate monostiche, 19x12 (16-25 x 9-16). 


On living leaves of Syzigium jambolanum DC. (Myrtacez), Coimbatore, 
1-4-52, N. V. Sundaram. 
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The fungus produces thickened yellowish spots. A number of peri- 
thecia are found in a spot. These open hypophyllously. The asci are very 


long and above the topmost spore there is a disc-like formation of the 
protoplasm. 


Guignardia rugosa sp. nov. 


Spots isolated or confluent, varying in size, irregular, amphigenous, but 
more prominent on the upper surface, greyish brown bounded by a purple 
margin; perithecia globose, 140-210,» high and 112-192» broad, black, 
immersed in the tissues, ostiolate, peridium made up of 1-2 layers of dark 
brown cells; asci broadly clavate, hyaline, 78x22, (62-109 x 16-31), 
8-spored, spores irregularly arranged; paraphyses absent; ascospores 
hyaline, 1-celled, ovate to oblong, 168 yw (13-19 x 6-9). 


Macule separate vel confluentes, magnitudinis varie, irregulares, amphi- 
gene, griseco-brunnee, circumdate margine purpureo; perithecia globosa, 
140-210, alt., 112-192, lata, nigra, immersa in textura plante hospite, 
ostiolata, ornata peridio constanti ex una vel duplici serie cellularum fusce 
brunnearum; asci lateclavati, hyalini, 78 x22 (62-109 x 16-31), octospori, 
sporis irregulariter dispositis; paraphyses nulle; ascospore hyaline, 
unicellulate, ovate vel oblonge, 168 pu (13-19 x 6-9). 


On living leaves of Rubus rugosus Sm. (Rosacez), Ootacamund, 
24-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


The absence of paraphyses and one-celled ascospores indicate that the 
fungus should be included under Guignardia. The leafspots are very promi- 
nent and may sometimes involve the major part of the leaf. 


Hypoderma viburni sp. nov. 


Patches irregular, amphigenous, foliicolus, brown; apothecia epi- 
phyllous, dark brown, elongate, simple or branched irregularly opening by 
a fissure all along the length, erumpent, subcuticular, upto 6 mm. long and 
Imm. broad; asci broadly clavate, 8-spored, 68x12 (56-78 x 11-16), 
hyaline, paraphysate, paraphyses numerous, filiform, longer than the asci, 
hyaline; ascospores cylindrical, 22x4u (16-25x3-6), subhyaline, one- 
septate when mature and obliquely arranged. 


Macule irregulares, amphigene, foliicole, brunnee; apothecia epi- 
phylla, fusce brunnea, elongata, simplicia vel irregulariter ramosa, aperientia 
per totam longitudinem fissura quadam, erumpentia, subcuticularia, usque 
6mm. longa atque 1mm. lata; asci late clavati, octospori, 68x12, 
(56-78 x 11-16) hyalini, paraphysati, paraphysibus pluribus, filiformibus, 
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longioribus quam asci, hyalinis; ascospore cylindrice, 22 x 4 » (16-25 x 3-6), 
subhyaline, uniseptate ad maturitatem, atque oblique disposite. 

On living leaves of Viburnum erubescens Wall. (Caprifoliacee), Ootaca- 
mund, 24-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


The infection patches are usually big and the leaves become thin and dry 
up. The apothecia are usually developed along the veins. They may be 
very long or become broken up into a number of disconnected formations 
along the vein. The apothecium develops subcuticularly with a brown 
covering which splits longitudinally and exposes the hymenium. The hypo- 
thecium is poorly developed. The tissues of the leaf are fully invaded by 
hyphe. The asci and ascospores are normally hyaline but in old apothecia 
the spores are subhyaline. 


Mycosphaerella meliosme sp. nov. 


Spots amphigenous, circular, upper surface whitish with brown margin, 
2-13 mm. broad; perithecia epiphyllous, carbonaceous, subepidermal, round, 
ostiolate, 68-109 78-116; asci cylindric-clavate, with rounded apex, 
hyaline, 8-spored, aparaphysate, 50x12 (40-60x9-15); ascospores 
biseriate, cylindric, hyaline, 2-celled, with rounded ends, 16x2y 
(12-5-19-0x 1-5-3-0). 

Macule amphigeane, circulares, superficie superiore albida, margine 
brunneo, 2-13 mm. late; perithecia epiphylla, carbonacea, subepidermalia, 
rotundata, ostiolata, 68-109 78-116; asci cylindrico-clavati, apice 
rotundato, hyalini, octospori, aparaphysati, 50x12 (40-60x9-15); asco- 
spore biseriate, cylindrice, hyaline, bicellulate, apicibus rotundis, 16x24 
(12-5-19-0x 1-5-3-0). 


On living leaves of Meliosma wightii Planch. (Sabiacee), Ootacamund, 
24-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


Large numbers of whitish round spots develop on the leaves. Each 
spot is bounded by a brown ring. On the lower surface the spot is brown 
with a deeper coloured margin all round. The perithecia appear as black 
dot-like projections on the upper surface. 


Aecidium cuspidatum sp. nov. 


Rust spots yellow to yellowish brown on the upper surface, more 
or less irregular. Pycnia hypophyllous, subepidermal, honey coloured, 
140-350 x 140-255 » with long and stout protruding neck measuring up to 
154; «cia mostly hypophyllous, clustered, cupulate, up to 1-25 mm. tall 
and 0-4 mm. broad, peridium white, recurved and lacerated at the tip, peridial 
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cells of one layer, highly verrucose, hyaline, 34-60x 12-34; eciospores 
subglobose, bright orange contents, wall hyaline, verrucose, 25x22 
(22-28 x 19-25), catenulate. 


Rubiginis macule lutee vel ‘uteolo-brunnee in pagina superiore, 
plus minus irregulares. Pycnia hypophylla, subepidermalia, mellea, 
140-350 x 140-255 », ornata collo longo atque emergente magnitudinis usque 
ad 154; ecia ut plurimum hypophylla, aggregata, cupulata, ad 1-25 mm. 
alta, 0-4 mm. lata, peridio albo recurvato atque lacerato ad apicem, cullulis 
peridialibus in unam seriem dispositis, conspicue verrucosis, hyalinis, 
34-60 x 12-341; ciospore subglobose, contentis nitentibus aurantiacis, 
parietibus hyalinis, verruculose, 25x22 (22-28 x 19-25), catenulate. 


On living leaves of Strobilanthes cuspidatus T. And. (Acanthacez), 
Burliar, 23-3-52, N. V. Sundaram. 


The rust is of common occurrence on this host. It is very conspicuous 
on account of the bright colour of the spores. This rust comes very close 
to the ecial state of Puccinia pollinia Barc. recorded on Strobilanthes dal- 
housianus Clark. from Upper India (the Himalayan region). But certain 
differences are evident which have necessitated its inclusion under a new 
species. In the rust under study the pycnia are only hypophyllous but in 
P. pollinia the pycnia are amphigenous and caulicolus. Furthermore the 
eciospores are only 16-18 » in diameter in the latter fungus whereas in the 
rust under study they average 25 x 22 p. 


Aecidium nummulare Berk. 
Saccardo, P. A., Syil. Fung., 1888, 7, 809. 


On leaves and stem of Ceropegia intermedia W. (Asclepiadacez), Kallar 
26-1-52, N. V. Sundaram. 


Circular yellowish spots slightly convex on the upper surface are formed 
on the leaves, measuring up to 6 mm. in diameter. In these spots, numerous, 
bright orange ecia develop hypophyllously. The position of the ecium 
can be seen as a raised dot on the upper surface. Aecia are formed in groups 
on the vines also in irregular slightly raised patches. They measure 140 to 
208 x 148-310 n. Each xcium has a definite peridium of one layer of cells, 
which is whitish and lacerated at the apex. The eciospores are subglobose to 
angular and measure 19x 16 (16-22 12-19). They are orange coloured 
with slightly verrucose wall. A. mummulare Berk. has been described as 
having smooth spores. As there is a very close resemblance between the 
rust under study and A. nummulare in all other respects it is identified as 
such. 
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Puccinia kalchbrenneri De Toni. 
Doidge, E. M., Bothalia, 1926, 2, 57-59. 


On living leaves of Helichrysum buddleioides DC. (Composite), Ootaca- 
mund, 25-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


Both uredia and telia were present, the former being more predominant 
and conspicuous. The sori are hypophyllous and scattered or in groups. 
Uredia are yellowish orange. Telia are separate or teliospores develop in 
old uredia also. When separate the telia are dark brown and are long 
covered by the epidermis. On the periphery of the sori the host tissue is 
slightly hypertrophied and two to four layers of vertically elongated cells are 
formed. The urediospores have 4 equatorial germpores. The teliospores 
are cylindric. clavate with the apex thickened up to 12», and are pedicellate 
with concolorous broad stalk. Mesospores are occasionally found. The 
rust closely resembles P. kalchbrenneri and is identified as such. No rust 
has been recorded on this host from India. 


Puccinia kunthiana sp. nov. 


Uredia hypophyllous, crowded or sparse, subepidermal, erumpent, 


dark brown; urediospores stalked, subglobose or elliptical, vinaceous buff, 
with coloured wall, 25x20, (19-31 x 16-25), echinulate, with 4 prominent 
equatorial germpores; telia hypophyllous, almost black, erumpent; telio- 
spores oblong, chestnut brown, 37x23 (28-47x 19-28), rounded at the 
apex, apex thickened up to 6-5, constricted at the septum, pedicel persistent 
coloured, up to 53 long; paraphyses sparse, capitate, up to 65 » long, with 
brown swollen terminal portion up to 19» broad, present in both uredia 
and telia. 


Uredia hypophylla, aggregata vel dispersa, subepidermalia, erumpentia, 
fusce brunnea; uredospore pedicellatate, subglobosz, vel elliptice, buba- 
line, parietibus coloratis predite, 25x20 (19-31 x 16-25), echinulate, 
ornate 4 germinationis poris equatorialibus; telia hypophylla, fere nigra, 
erumpentia; teliospore oblonge, castaneo-brunnee, 37 x 23 p (28-47 x 19-28), 
rotundate ad apicem, apice incrassato usque ad 6-5, constricte ad septum 
pediculo persistenti, colorato, ad 53 longo; paraphyses sparse, capitate, 
ad 65, longe, portione apicali brunnea incrassata ad 19» lata; paraphyses 
adsunt inter uredia atque telia sparse. 


On living leaves of Isachne kunthiana W. & A. (Graminee), Ootacamund, 
25-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


This rust is common on this grass. The telial stage is found only occa- 
sionally. Telia are either separate or teliospores are formed mixed with 
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the urediospores in old uredia. The paraphyses are few in number and are 
developed mostly near the periphery of the sori. 


Puccinia levis (Sacc. and Bizz.) Magn. 
Sydow, P. and H., Monograph. Ured., 1904, 1, 759. 


On living leaves of Digitaria marginata Link. (Graminee), Kallar, 
23-3-52, N. V. Sundaram. 


Both uredia and telia are present. Many of the teliospores have vertical 
walls. The pedicel is attached obliquely in a large number of the spores. 


Puccinia pectiniformis sp. nov. 


Pycnia minute, black, amphigenous, subepidermal, globose, paraphysate, 
up to 170x165, associated with primary uredia. Primary uredia brown, 
formed on hypertrophied portions, mostly near veins and petiole, mostly 
hypophyllous, in groups, subepidermal; urediospores oblong or obovate, 
37X22 (25-43 x 16-25), brown (wall coloured), pedicellate, verrucose, 
germpores 2, equatorial; secondary uredia similar to the primary uredia 
but not associated with pycnia, hypophyllous, scattered; telia hypophyllous, 
scattered, light coloured, subepidermal; teliospores oblong to claviform, 
thin-walled, yellowish brown, apex with a flattened hyaline papilla, con- 
stricted at the septum, 38 x 22 » (31-46 x 16-25), pedicellate, pedicel hyaline, 
up to germpores one in each cell, germinating in situ. 

Pycnia minuta, nigra, amphigena, subepidermalia, globosa, paraphysata, 
usque ad 170x165, associata urediis primariis. Uredia primaria brunnea, 
formata in partibus hypertrophis, ut plurimum prope nervos vel petiolos, 
ut plurimum hypophylla, aggregata, subepidermalia; uredospore oblonge 
vel obovate, 37x22 (2543x1625), brunnee (parietibus coloratis), 
pedicellate, vetrucose, germinationis poris duobus equatorialibus ornate ; 
uredia secundaria similia primariis, sed pycniis haud associata, hypophylla, 
dispersa; telia hypophylla dispersa, pallide colorata, subepidermalia; telio- 
spore oblonge vel claviformes, tenuibus parietibus predite, luteolo- 
brunnez, apice ornato papilla hyalina complanata, constricte ad septum, 
38 X22 (31-46 x 16-25), pedicellate, pediculo hyalino, usque ad 41 x7 
germinationis poris singulis in singulis cellulis, germinantibus in situ. 

On living leaves and petiole of Vernonia pectiniformis DC. (Composite), 
Ootacamund, 25-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


The primary uredia and pycnia develop on thickened yellowish brown 
portions usually along veins and on petioles. The pycnia possess a bunch of 
hyaline paraphyses projecting out of the ostiole. When fresh these radiate 
on all sides giving rise to a starlike appearance, In sections the pycnia 
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Fics. 1-10.—Fig. 1. Section of the perithecium of Mycosphaerella meliosma. Fig. 2. 
Ascus and ascospores. Fig. 3. Section of the perithecium of Guignardia rugosa. Fig. 4. 
Section through the acervulus of Marssonina fragarie. Fig. 5. Section through perithecium 
of Aphysa rhynchosie. Fig. 6. Section through the perithecium of Didymospheria jambolana 
(lower magnification). Fig. 7. Ascus and paraphysis. Fig. 8. Section of the acervulus of 
Asteroconium nothopegia. Fig. 9. Section through the fructification of Neobarclaya congesia 
(lower magnification except the two spores). Fig. 10. Section of the apothecium of Hypoderma 


viburni. 

appear brown. Associated with the pycnia and developed on the thickened 
portions are numerous deep brown primary uredia. The secondary uredia 
are however formed in other parts of the lamina but these are not crowded 
and hence appear lighter in colour. The telia are yellowish brown and even 
become whitish after the spores germinate. The teliospores are thin-walled 
and collapse after germination. The upper cell has an apical germpore and 
the lower cell has a pore on one side just below the septum. The rust under 
study is a brachyform. 


Puccinia vernonia Cke. is a brachyform rust occurring on this host genus. 
But the teliospores are thick-walled, with the apex upto 10, in thickness. 
The pycnia are only epiphyllous and urediospores have 3 germpores. In 
these characters it differs completely from the rust under study. 


Puccinia sorghi Schw. 


Sydow, P. and H., Monograph. Ured., 1904, 1, 830. 


On leaves of Zea mays L. (Graminee), Coonoor, 22-2-52, T. S. Rama- 
krishnan and K. V. Srinivasan. 


The maize crops on the Nilgiris are severely infected by this rust. Both 
uredia and telia were present. Maize crops raised at Coimbatore were 
rarely affected by the rust and even when rusted, uredia alone were observed. 


Puccinia wattiana Barclay 


Sydow, P. and H., Monograph. Ured., 1904, 1, 554. 


On living leaves of Clematis wightiana Wall. (Ranunculacee), Ootaca- 
mund, 24-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


Telia alone were present. Mesospores were formed mixed with the two- 
celled teliospores. 


Uromyces clignyi Pat. et Har. 
Doidge, E. M., Bothalia, 1939, 3, 511. 


On leaves of Eremopogon foveolatus Stapf (Graminex), Coimbatore, 
2-4-52, N, V, Sundaram, 
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Figs. 11-17 
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Fics. 11-17.—Fig. 11. A bit of leaf showing spore horns of Stilbospora grewia 
(diagrammatic) and conidia. Fig. 12. Teliospores of Puccinia levis. Fig. 13. Urediospores, 
paraphyses and teliospores of Puccinia kunthiana. Fig. 14. Urediospores and teliospores of 
Uromyces clignyi. Fig. 15. Urediospores, teliospores and pycnium of Puccinia pectiniformis. 
Fig. 16. Urediospores, and teliospores of Puccinia kalchbrenneri. Fig. 17. Section through 
pycnium and ecium of Aecidium cuspidatum (lower magnification). 


Both uredia and telia are present. The urediospores are golden brown 
and provided with 6 to 7 scattered germpores. Telia are black and the 
teliospores almost round, dark brown with very thick wall measuring up to 
9 in thickness. The stalk is hyaline and up to 34, in length. This rust 
has not been recorded from India. 


Uromyces fabe (Pers.) de Bary. 
Sydow, P. and H., Monograph. Ured., 1910, 2, 103. 


On leaves and petiole of Vicia faba L. (Papilionate), Ootacamund, 
25-3-52, K. V. Srinivasan. 


This rust is very common on this host on the Nilgiris and in some years 
causes heavy damage to the plants. 


Asteroconium nothopegia sp. nov. 


Acervuli hypophyllous, subepidermal, erumpent, white; conidia star- 
shaped, continuous, pedicellate, with 4-5 arms, hyaline, 22x19, (19-24 
16-22). 


Acervuli hypophylli, subepidermales, erumpentes, albidi; conidia 
stellata, continua, pedicellata, 4-6 ramis predita, hyalina, 22x19 
(19-24 x 16-22). 


On leaves of Nothopegia dalzellii Gamb. (Anacardiacee), Naduvattam 
(Nilgiris), 24-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


The fungus produces brown spots on the leaves and veins. The tissues 
of the leaf in the spotted region become thickened hypophyllously bearing 
a number of closely arranged acervuli which on spore formation assume a 
white colour. The conidia are characteristic and germinate by producing 
a germ tube from one of the arms. The conidiophores are simple and conti- 
nuous and measure 28-56 long and 2-4 broad. 


Marssonina fragari@ (Sacc.) Kleb. 


Doidge, E. M., Bothalia, 1950, 5, 656. 


On living leaves of Fragaria neilgherrensis Schl. (Rosacez), Ootacamund, 
24-2-52, T. S. Ramakrishnan and K, V, Srinivasan, 
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Reddish spots are prominently visible on the upper surface. In each spot 
one or more acervuli are formed. These appear as black, convex shining 
structures. They are subcuticular and burst irregularly. The conidia are 
formed on short stalks. They are hyaline, 2-celled, falcate, with a narrower 
lower cell and broader upper cell. The upper cell is curved and has a pointed 
rostrum-like apex. The spores measure 22 x7 (18-25 x 6-9). The fungus is 
identical with M. fragaria@ recorded on a number of species of Fragaria. 


Neobarclaya congesta (Berk. and Br.) Petch 
Doidge, E. M., Bothalia, 1950, 5, 657. 


On living leaves of Syzigium jambolanum DC. (Myrtacez), Commbators, 
2-4-52, N. V. Sundaram. 


The acervuli are formed on the hypertrophied portions bearing the 
perithecia of Didymospheria jambolana. Both these occur closely associated. 
The acervuli are cup-shaped or even globose and immersed in the tissues of 
the leaf. The spores are extruded in masses and these dry into black crusts 
on the surface. Each spore is stalked, 2-celled and obovate. The upper 
cell is bigger and has a rounded apex. From the apex hyaline cilia are given 
off. These are 3-5 in number and are united at the base. 


Stilbospora grewi@ sp. nov. 

Spots amphigenous, dark brown, irregular minute 0-5-2x0-5-1 mm. 
Acervulus one or more in each spot producing black, slender, thread-like 
spore horns up to 1 mm. long, hypophyllous, subepidermal; conidia fusoid, 
light olivaceous, 1-3 septate, 31X2-5y (19-43x2-4), straight or curved. 


Macule amphigene, fusce brunnez, irregulares, minute, 0-5-2 mm. 
x0-5-I1mm. Acervuli singuli vel plures in singulis maculis, producentes 
sporarum cornua nigra, gracilia, filo similia, ad 1 mm. longa, hypophylla, 
subepidermalia; conidia fusoidea, pallide olivacea, 1-3 septata, 31x2-Syu 
(19-43 x 2-4), recta vel curvata. 

On living leaves of Grewia asiatica Mas. (Tiliacee), Kodur, 15-2-52, 
T. S. Ramakrishnan. 

The infection is evident by the formation of innumerable small, dark 
brown spots on the leaves. Sometimes the leaves dry up as a result of heavy 
infection. The black spore horns are characteristic and are visible only on 
the lower surface. 


Cercospora nothopegia sp. nov. 
Spots hypophyllous, olive brown, gregarious; stromata minute, brown, 
partly immersed and partly protruding above the epidermis, Conidiophores 
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hypophyllous, straight or slightly flexuous, simple, light olive brown, rarely 
septate, up to 364 long; conidia slender, slightly curved, 2-5 septate, 48 x 3 » 
(16-68 x 2-4), light olive brown. 


Macule hypophylle,. olivaceo brunnee, gregarie; stromata minuta, 
brunnea, partim immersa and partim emergentia supra epiderma; conidio- 
phori hypophylli, recti vel tenuiter flexuosi, simplices, pallide olivaceo-brunnei, 
raro septati, ad 36 longi; conidia gracilia, tenuiter curvata, 2-5-septata, 
48 x3 (16-68 x 2-4), pallide olivaceo-brunnea. 


On living leaves of Nothopegia dalzellii Gamb. (Anacardiacez), 
Naduvattam, 24-2-52, T. S. Ramakrishnan and K. V. Srinivasan. 


Our thanks are due to Rev. Fr. H. Santapau, St. Xavier’s College, 
Bombay, for kindly translating the diagnoses into, Latin. We are indebted to 
the Government Lecturing and Systematic Botanist, Coimbatore, for identi- 
fication of some of the host plants. 
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(Communicated by Prof. T. S. Sadasivan, F.A.sc.) 


15. Cephaliophora irregularis Tlaxter, in Bot. Gaz., 1903, 35, 158, Plate V, 
figs. 17-20. 


A collection of this fungus was recently made by me at Madras. Thaxter’s 
(1903) diagnosis of his fungus is very brief and omits many details which 
would help in the identification of this species. A detailed description would 
not therefore be out of place and is given below, based on a study 
of the material collected by me. 


The fungus appeared as somewhat pinkish masses on dead and moist 
wood in a cool, shady habitat. Under a hand lens numerous pinhead-like 
pinkish aggregations could be seen on the substratum. Microscopic examina- 
tion revealed that these pinhead-like aggregations were heads of conidia. 
The vegetative hyphe are thin-walled, hyaline, septate, branched, 4-8-9-6 uv 
broad. The conidiophores arise as lateral branches from cells of the 
hyphez, or may be terminal at the tips of hyphz, and are simple, unbranched, 
more or less clavate with gradually or abruptly swollen, rounded apices on 
which the conidia are borne in heads (Fig. 1: A, B, C, D, E). The conidio- 
phores are hyaline, smooth, non-septate or up to 5-septate, 50-120 » long, 
6-4-9-6 broad at the base, the swollen apical cell being 30-58 » long, and 
17-35 » broad where it is widest. The conidia are produced all over on the 
swollen apex of the conidiophore. The conidia (Fig. 1: L) are of various 
shapes (pyriform, napiform or turbinate), smooth-walled, with 1-2 transverse 
septa, with a short pedicellate base and a somewhat triangular, hyaline, 
relatively thin-walled basal cell and thicker walled, pale pinkish coloured 
upper cell or cells, 20-44 14-264. Normally, the terminal cell of the 
conidium is broadly rounded, but is sometimes broadened and may be 
bilobed (Fig. 1: M). Abnormal conidia of other shapes are also found 
(Fig. 1: M). 

The development of the conidiophore appears to be as follows. The 


conidiophore arises as a lateral outgrowth from a cell of the vegetative 
hypha (Fig. 1: F), elongates, and also swells to some extent (Fig. 1: G, H), 
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Fic. 1. Cephaliophora irregularis, from Herb. M.U.B.L., No. 837, showing A, a head of 
conidia; B-E, conidiophores with conidia attached, and without conidia; F-K, stages in the 


development of the conidiophore and conidia; L, normal mature conidia; M, abnormal 
conidia. 


more so towards the apex so as to become clavate. A cross wall is then 
formed about the middle of the conidiophore (Fig. 1:1), followed later by 
the formation of another cross wall nearer the base of the conidiophore 
(Fig. 1:J). Subsequent elongation of the conidiophore and formation of 
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more cross walls may take place. The development of the conidiophore 
terminally from a cell of the hypha is similar. The conidia are produced 
from the broadly rounded tip of the conidiophore (Fig. 1: J, K) and are at 
first thin-walled throughout and more or less globose to oval, later increasing 
in size and assuming the characteristic shape. Conidial septation then takes 
place and the conidia also develop thick walls, though this is seldom marked 
in the case of the basal cell. 


The fungus is doubtless a Cephaliophora. However, the description 
of the fungus given above does not agree entirely with the diagnoses 
of the two species of this genus so far described, viz., C. tropica Thaxter 
and C. irregularis Thaxter (Thaxter, 1903, p. 158). My fungus comes 
nearest to C. irregularis and agrees with it in having conidia which are 
variable in shape and size, and which are normally 1-, but often, 2-septate. 
Thaxter gives the average spore measurements of this species as “* 25-30 x 18 », 
maximum about 36x30”. My fungus shows a greater range in the size 
of its conidia. No mention is made by Thaxter about the conidiophore 
characteristics of this species although the diagnosis starts with the words 
** similar to the last”, i.e., C. tropica, the type species of the genus. The 
average diameter of the head of the conidiophore in C. tropica is given as 
28-35 u, which is the same as that of my fungus. However, the average 
length of the conidiophore in C. tropica is 60-75 u, whereas the conidiophore 
length in my fungus ranges from 52-120. These differences are not per- 
haps important, since Thaxter’s descriptions probably do not give the entire 
range in size of the conidiophores, conidia, etc., mention being made only 
of average measurements. Moreover, my fungus agrees largely with all the 
other characteristics mentioned for C. irregularis and with the figures given 
by Thaxter (Thaxter, 1903, Plate V, figs. 17-20). 


So far as I am aware, C. irregularis is known only from Porto Rico, the 
type locality. Thaxter described C. tropica and C. irregularis from dung of 
various animals, and Clements and Shear (1931, p. 207), in their key, men- 
tion that the genus is “fimicole”. Only one collection has been made by 
me: on dead and decaying moist wood, University Botany Laboratory 
campus, Madras, 8-12-1952, coll. C. V. Subramanian, Herb. M.U.B.L., 
No. 837. This is just another instance indicating that a species may not 
always be confined to one kind of substratum ! 


16. Dendryphion laxum Berk. and Br., in Ann. Mag. nat. Hist., Ser. 2, 
1851, 7, 176; Plate VI, fig. 10. 


The fungus forms dark brown to black, effuse colonies on the substratum. 
The repent hyphe are subhyaline to brownish, and septate. The conidio- 
phores are distinct and arise laterally from cells of the repent hyphe (Fig. 2: 


ey 


2) 


| 
204 
Fic. 2. Dendryphion laxum, from Herb. M.U.B.L. No. 814, showing A, young conidio-. 
phores in various stages of development; B-E, older and mature conidiophores; F, early 
stages in the development of conidia; G, conidial chain; H-J, mature conidia with branches 
on which further conidia are produced; K, a long, mature conidium. 
A, B). They are usually erect, stout, thick-walled, long, up to 16-septate, 
unbranched except at the apices where they are variously branched, up to 
200 » long, 6-10» broad at the base, and 6-8 » broad near the apex where 
the branches arise (Fig. 2: C, D, E). The spore-bearing cells of the conidio- 
phore bear scars indicating the points of attachment of the fallen conidia. 
The conidia (Fig. 2: E,G,K) are acropleurogenous, catenate, elongate, 
somewhat sub-cylindrical and broadest towards the middle or nearer the 
base, thick-walled, pale to dark brown in colour except towards the tip and 
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basal cells where they are golden yellow, many- (up to 27-) septate, constricted 
at some of the septa or not at all, straight, bent or curved variously, minutely 
verrucose, with a broad, flat, prominent scar at the base showing the location 
of attachment to the conidiophore. The measurements of the conidia are 
30-167 x 8-12. The conidial chains are short, and more than two or three 
conidia have not been observed attached to each other. The conidial chains 
appear to be produced acropetally. The mature conidia may give rise to 
short, simple, one-celled or septate branches producing normal conidia 
(Fig. 2: H,1I, J). Sometimes these branches arising from mature conidia 
may resemble the dendroid branches usually found at the tip of the normal 


conidiophore, and more than one conidium may be produced from these 
branches. 


Only one collection has been seen: on dead stem, Dodabetta, 8,000 ft. 


(Nilgiris District, Madras State), 10-10-1952, coll. C. V. Subramanian, 
Herb. M.U.B.L. No. 814. 


17. Dictyosporium prolificum Damon, in Lloydia, 1952, 15, 119, Fig. 2: J. 


The fungus forms blackish, irregular colonies on the substratum. The 
hyphe are subhyaline to pale in colour, and are septate. The conidiophores 
are compacted into a sporodochium-like cluster, are concolorous with the 
hyphe, and of variable length, 4-8-9-6x4-8-6-4. Each conidiophore 
bears apically one conidium. The conidia are pale olivaceous to pale brown 
in colour, cylindrical in shape except for a slight narrowing towards the base 
and the tip, with 3-7 more or less parallel branches arising from a single 
basal cell. The branches are multiseptate with 5-8 septa, not constricted 
at the septa. The mature conidia are 33-42 x 16-20x 16-21 (Fig. 3). 


Only one collection has been made: on dead stem of Lantana sp., 
Oothu, on road to Kodaikanal Hills, 4,000 ft. (Madura District, Madras 
State), 9-6-1952, coll. C. V. Subramanian, Herb. M.U.B.L. No. 788. This 
collection agrees with the diagnosis given by Damon (1952) in all essential 
details, although ‘in shape the conidia of my fungus more closely resemble 
those of D. hepatosporum Damon (cf. Fig. 2: F in Damon, 1952). D. proli- 


ficum is known so far only from Vineland, New Jersey (the type locality) in 
‘the United States. 


18. Lacellinopsis sacchari Subramanian sp. nov. 


The fungus grows as a saprophyte on dead leaves of sugarcane and 
forms a somewhat yellowish brown to brownish growth on the substratum. 
The hyphe are septate and pale brown to brown in colour. The colonies 
consist of groups of conidiophores and sterile set interspersed and crowded 
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Fic. 3. Dictyosporium prolificum, from Herb. M.U.B.L. No. 788, showing A, a cluster 
of conidia; B; mature conidia; C, a young conidium; D, top view of a conidium. 
together (Fig. 4: J). The sete (Fig. 4: J-L) are simple, unbranched, thick- 
walled, long, subulate, dark brown in colour and thicker walled towards 
the base, becoming progressively paler towards the apex, up to 16-septate, 
190-700 x 4-8-8:0y. The conidiophores (Fig. 4: J) are simple, unbranched, 
smooth, short, 1—-2-septate, subhyaline to pale yellow in colour, with a dark 
brown globose tip on which the conidia are borne, 17-48 x3-24-0, the 
globose portion 8-16, in diameter. Rarely, the entire conidiophore may 
be dark in colour. The conidia (Fig. 4: E, M) are catenate, one-celled, 
mostly globose, finely verrucose, pale brown to dark brown in colour, 
hyaline to subhyaline when young, 6-4-9-6. in diameter. 


The development of the conidiophore is as follows. The conidiophore 
starts as a papillate outgrowth laterally from a cell of the repent hypha and 
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Fic. 4. Lacellinopsis sacchari, from type specimen, Herb. M.U.B.L. No. 641, showing 
A-F, stages in the development of the conidiophore and conidia; G-I, proliferation of the 
conidiophore; J-L, mature sete and conidiophores; M, mature conidia 
elongates (Fig. 4: A). The tip of the papilla then swells (Fig. 4: B) and 
the swollen tip is later cut off from the rest of the conidiophore by a cross 
wall (Fig. 4: C). Conidia are then abstricted acropetally in short branched 
or unbranched chains from the swollen apex of the conidiophore (Fig. 4: C). 
In the meantime the swollen tip of the conidiophore develops a thick wall 
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and becomes dark brown in colour (Fig. 4: D). When the conidial chains 
have broken away from the conidiophore, the tip of the conidiophore is 
usually ruptured and the apical cell of the conidiophore assumes a cupulate 
shape (Fig. 4: J), the size of the cupulate tip being 8-16x8-0-9-6y. The 
conidiophore may then proliferate through the ruptured apex and produce 
further conidia in the same way (Fig. 4: G, H). 


The fungus was originally disposed by me in the Herbarium in the genus 
Lacellina Sacc., since my fungus resembled species of Lacellina in having 
sterile sete among the conidiophores and producing amerospores in chains. 
However, the conidiophore in my fungus is strikingly different from 
that of Lacellina. The type of Lacellina is L. libyca Sacc. and Trott. 
(Saccardo, 1931, p. 781). I have not seen a specimen, but the fungus 
is stated to produce conidia acropleurogenously on the conidiophore 
which is minutely verrucose throughout. On the other hand, in my 
fungus the one-celled conidia are produced acropetally in chains from 
the globular apex of the conidiophore. The conidiophore is conspicuously 
short, smooth, with the globose-tipped apical fertile cell distinctly marked 
from the other sterile cells of the conidiophore by its being dark-coloured 
and by its assuming a cupulate shape after the conidia are detached. A fur- 
ther noteworthy feature of my fungus is the ability of the mature conidio- 
phore to proliferate through the ruptured cupulate tips and produce further 
conidia. Judging from the descriptions, these characteristics are not shared 
by any of the three species of Lacellina so far known, viz., L. libyca Sacc. 
and Trott. (Saccardo, 1931), L. graminicola (Berk. and Br.) Petch (Petch, 
1924) and L. sacchari Batista (Batista, 1949). Indeed, Saccardo’s (Saccardo, 
1931, p. 791) generic diagnosis of Lacellina does not indicate any such pecu- 
liarities for his genus. The possibility of placing my fungus in Lacellina 
has been considered, but I believe that neither Saccardo’s diagnosis nor the 
descriptions of the type and other species would warrant this. It has not 
been possible to examine the type specimen of L. lybica and until such time 
this is done, it would be necessary to rely on Saccardo and Trotter’s diagnosis 
of their species. No other genus of the Dematiacez is known to me which 
could possibly accommodate my fungus. I therefore propose a new genus 
for it. The name Lacellinopsis is chosen to indicate that amongst existing 
genera it comes closest to Lacellina Sacc., but is nevertheless sufficiently 
distinct from it to warrant separation. ’ 


Lacellinopsis Subramanian gen. nov. 


Pertinet ad Fungos Imperfectos, Hyphomycetas, Dematiaceas, Amero- 
sporas, 
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Hyphe repentes brunnez colore, septate. Conidiophori setis intermixti, 
Sete simplices, haud ramos, septate, apice globose fertili qui cupulatus 
evadit post resolutionem conidiorum. Conidia producta acropetale in 
catenis simplicibus vel ramosis ex apice globoso conidiophori, pallide 
brunnea vel-fusce brunnea, semel cellulata. 


_ Species typica sequens: 
Lacellinopsis sacchari Subramanian spec. nov. 


Colonie amphigene, effuse, luteole-brunnee vel brunneolz, magni- 
tudine varia. Hyphe septate, pallide brunnee vel brunnez. Setz steriles 
atque conidiophori surgentes lateraliter ex cellulis hypharum repentium, 
interspersi atque simul aggregati. Sete simplices, non ramosz, parietibus 
crassis predite, long, subulate, fusce brunnez atque crassioribus parietibus 
ornate ad basim, progressive pallidiores ad apicem, usque sexdecies septate, 
190-700 x 4-8-8-0. Conidiophori simplices, non ramosi, relative breves, 
ut plurimum semel vel bis septati, subhyalini vel pallide vel auree lutei, 
singuli apice fusce brunneo, globoso, fertili ornati, 17-48 x 3-2-4-0y, apice 
globoso 8-16. Conidia capitata, acropetale producta in catenis simpli- 
cibus vel ramosis ex apice globoso conidiophori, semel cellulata, ut plurimum 
globosa, minute verrucosa, pallide vel fusce brunnea, 6°4-9-6y diam. 
Capitulum fertile, globosum conidiophorum evadit cupulatum post resolu- 
tione, conidiorum; conidiophori proliferantes per cupulatum apicem atque 
producentes conidia ulteriora. 

Habitat in foliis emortuis Sacchari officinarum Linn., typus lectus in 
Agricultural Farm, Athur, Chingleput District, in Statu Madras, die 2 mensis 
decembris anni 1951 a K. Ramakrishnan et C. V. Subramanian, et positus 
in Herbario M.U.B.L. sub numero 641. 


Lacellinopsis Subramanian gen. nov. 
Fungus Imperfectus, Hyphomycete, Dematiacez, Amerospore. 


Repent hyphe brown in colour, septate. Conidiophores intermixed 
with sete. Sete simple, unbranched, septate, with globose fertile apex 
becoming cupulate after detachment of conidia. Conidia produced acro- 
petally in branched or unbranched chains from globose tip of conidiophore, 
pale brown to dark brown, one-celled. 


Type species : 
Lacellinopsis sacchari Subramanian sp. nov. 


Colonies amphigenous, effuse, yellowish brown to brownish, of variable 
size. Hyphe septate, pale brown to brown. Sterile sete and conidiophores 
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arising laterally from cells of repent hyphz, interspersed and crowded to- 
gether. Sete simple, unbranched, thick-walled, long, subulate, dark brown 
and thicker walled towards the base, becoming progressively paler towards 
the tip, up to 16-septate, 190-700 x 4-8-8-0,. Conidiophores simple, un- 
branched, relatively short, usually 1-2-septate, subhyaline to pale or golden 
yellow, each with a dark brown, globose, fertile tip, 17-48 x3-2-4-0un, 
diameter of globose apex 8-16. Conidia capitate, produced acropetally in 
branched or unbranched chains from globose tip of conidiophore, one- 
celled, mostly globose, finely verrucose, pale brown to dark brown, 6-4-9-6 y 
in diameter. Fertile globose head of conidiophore assuming cupulate shape 
after conidia are shed; conidiophore proliferating through broken cupulate 
apex and producing further conidia. 


Habit: on dead leaves of Saccharum officinarum Linn., Agricultural 
Farm, Athur (Chingleput District, Madras State), 2-12-1951, coll. 
K. Ramakrishnan and C. V. Subramanian, Herb. M.U.B.L. No. 641-Type. 


I thank Professor T. S. Sadasivan for critically reading the manuscript 
and Professor H. Santapau for the Latin diagnoses. 
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OBSERVATIONS ON THE ANATOMY OF SOME 
OF THE CONVOLVULACEZ: 
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Received January 23, 1953 
(Communicated by Prof. T. S. Sadasivan, F.A.sc.) 


THE comparative anatomy of the leaf, petiole and stem of the following 
members of the Convolvulacez has been studied: Argyreia speciosa Sweet. 
(Elephant Creeper), A. cymosa Sweet, Ipomea repens Lam. (syn. I. rugosa 
Choicy), J. sepiaria Koen., I. pes-tigridis Linn., I. tridentata Roth., I. penta- 
phylla Jacq., I. Horsfallie Hook., and Quamoclit pinnata Boj. (syn. Ipomea 
Quamoclit Linn.). 


Argyreia speciosa Sweet. probably a native of Bengal, has spread well 
in Hyderabad, and is commonly found growing wild near villages. Although 
D’Almeida (1945) has described the anatomy in detail, certain features have 
not been mentioned, for example, the types of stomatal apparatus, the 
presence of a particular form of crystals, etc. 


Stomata are surrounded by two subsidiary cells placed parallel to 
the pore of the guard cells (Rubiaceous type, Solereder, 1908). Neither 
Cruciferous nor Ranunculaceous types have been observed in any of the 
plants investigated (Metcalfe and Chalk, 1950). Clustered crystals of calcium 
oxalate occur in the petiole as well as in the stem. Clothing hairs 
are very long and silky, consisting of a short stalk-cell and a long, gradually 
tapering terminal cell. This seems to be typical of the Argyreiee. 
Secretory cells occur in the primary cortex and pith in the stem. The 
petiole contains a bicollateral arc of wood and bast, and two isolated vascular 
bundles, one at each end of the arc. The occurrence and structure of the 
medullary vascular bundles in the stem has been described in detail by 
D’Almeida (1945). 


Argyreia cymosa Sweet. is a climbing shrub found wild in hedges and 
low scrub. It resembles the previous species in having the same type of 
stomata, the clustered crystals, secretory cells, and in the same arrange- 
ment of the vascular bundles in the petiole. Clothing hairs consist of a 
short stalk-cell seated on a group of epidermal cells, and of a straight un- 
branched terminal cell. In the stem the primary cortex contains chloren- 
chyma and collenchyma, In the pericycle bast fibres are present, The 
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occurrence of bands of wood on the outside of the intra-xylary phloem 


reveals an anomalous structure (Solereder, 1908, and Metcalfe and Chalk, 
1950). 


Ipomea repens Lam. is a trailing herb, common in wet places. 
Stomata are of the Rubiaceous type. Calcium oxalate occurs in the form 
of solitary crystals. The petiole has the same structure as in the preceding 
two plants. Clothing hairs consist of a single long terminal cell and a short 
stalk-cell seated on a single epidermal cell. In the stem, the epidermal 
cells are enlarged and their outer walls bear small protuberances. Secretory 


cells occur in the cortex and pith, as described by Sabnis (1921) and 
Mullan (1936) in other species. 


Ipomea sepiaria Koen. is a twinning perennial herb with villous stems, 
common in hedges near tanks, and elsewhere. It has also been worked 
out by D’Almeida (1945). Clustered crystals of calcium oxalate occur in 
the petiole and stem. Clothing hairs have the same structure as in the 
other species except that the stalk-cell is seated on a collection of epidermal 
cells. Secretory cells occur in the cortex. Some of the epidermal cells 
in the leaf contain brown contents. Cuticle is striated. It agrees with the 
preceding species in the type of stomata and in the structure of the petiole. 


Ipomea pes-tigridis Linn. is a common climber found in hedges, etc. 
Stomata are again of the Rubiaceous type. Calcium oxalate occurs in 
the form of solitary crystals. Clothing hairs consist of two cells, but the 
stalk-cell is seated on a group of epidermal cells as in the last species. 
Glandular hairs also occur. They consist of a short uni-cellular stalk and 
a head which is divided by vertical walls into several, about 7 or 8 cells 
(Solereder, 1908). In the stem, gomparatively few secretory cells occur in 
the pith which contains starch grains. The primary cortex is composed 
both of chlorenchyma and collenchyma. 


Ipomea tridentata Roth. is a perennial herb, giving off numerous pros- 
trate elongate stems. It is common in dry situations. There is no devia- 
tion from the general type in the structure of the stomata. Small solitary 
crystals of calcium oxalate occur. The clothing hairs differ from those 
in the other species in this detail that the stalk-cell rests on a single 
epidermal cell. 


Ipomea pentaphylla Jacq. is a cultivated twinning plant. The cuticle 
is finely striated. The epidermis is two-layered, the cells of the inner layer 
being elongated and tabular. Stomata and clothing hairs possess the same 


structure as in other species. Small crystals of calcium oxalate occur, 
Secretory cells are not quite clear, 
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Ipomea Horsfallie Hook. is a beautiful climber with dark green leaves 
and crimson-red flowers, often cultivated in gardens. The Cuticle is 
striated as in the preceding species. Stomata are of the Rubiaceous type. 
Calcium oxalate occurs in the form of solitary crystals. Ordinary clothing 
hairs are not present. Glandular hairs occur and possess the same structure 
as described in the case of J. pes-tigridis. The petiole contains an arc of 
bast and wood, and two isolated vascular bundles. In the stem, secretory 
cells occur in the cortex. 


Quamoclit pinnata Boj. (syn. Ipomea Quamoclit Linn.—Needle- 
creeper) is a very slender twiner with delicate foliage and crimson corolla, 
often grown in gardens. Stomata conform to the general type as mentioned 
above for other species. Clothing and glandular hairs do not occur. 
Calcium oxalate occurs in the form of small crystals. Secretory cells are 
present in the primary cortex. 

SUMMARY AND CONCLUSIONS 

1. In all the species of Argyreia, Ipomea and Quamoclit, vascular 
bundles are bicollateral. 

2. Isolated secretory cells occur in most of the species. Sabnis (1921) 
found them in Breweria latifolia Benth., Convolvulus glomeratus Chois. and 
Ipomea sindica Stapf. Mullan (1933 and 1936) has described such ele- 
ments in Jpomea pes-capre Sweet. and I. aquatica Forsk. 


3. Cuticle is striated in some of the species investigated. 

4. In all the cases stomata are of the Rubiaceous type. 

5. Calcium oxalate occurs in the form of clustered and small or large 
solitary crystals. 


6. The clothing hairs consist of two cells—a stalk-cell and a terminal 
cell. The former is seated either on a single epidermal cell or on a collection 
of epidermal cells. 


7. Glandular hairs occur in some of the species. They consist of a 
short unicellular stalk and a flat or spherical head which is divided by 
vertical walls into several cells. 


8. An anomaly in the structure of the stem is revealed by the presence 
of bands of wood on the outer side of the intraxylary phloem in Argyreia. 
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PETRAKOMYCES, A NEW GENUS OF THE 
SPHAROPSIDALES 


By C. V. SUBRAMANIAN AND K. RAMAKRISHNAN 
(University Botany Laboratory, Madras-5) 
Received December 18, 1952 
(Communicated by Prof. T. S. Sadasivan, F.A.sc.) 


RECENTLY we collected a pycnidial fungus on living leaves of Bambusa (?) sp. 
from Walayar (Malabar District, Madras State). A description of the 
fungus based on this collection is given below. 


The fungus forms circular, oval or ellipsoid, black stromata on leaves. 
The stromata are up to 2 mm. long, darker-coloured, more raised and hence 
more prominent on the upper surface of the leaf than on the lower. The 
stroma is biconvex in shape, is found to extend from the upper to the lower 
epidermis, and encloses a cavity within which conidia are produced (Fig. 1). 
The stroma enclosing the cavity is “ phyllachoroid”. The conidiophores 
arise from the entire inner surface of the cavity and not merely from its 
floor. They are usually hyaline, stout, short, and of variable shape, 
11-23x3-5p. The conidia (Fig. 14) are produced acrogenously on the 
conidiophores (Fig. 13) and are hyaline, slightly thick-walled, one-celled, 
elliptical with a truncate base and with a long, filamentous, whip-like append- 
age at its tip, 25-32x8-lly without the appendage. The measurements 
of the appendages are: 43-761 uz. 


The development of the conidia appears to be as follows. The coni- 
dium starts as a papillate outgrowth from the tip of the conidiophore (Fig. 2). 
The papilla elongates rapidly and the apical portion develops into the long 
appendage as a result of the more rapid elongation of this part of the papilla 
(Figs. 3-9). Thus the appendage reaches its full length much earlier than 
the body of the conidium completes its development. In the meantime, 
the lower portion of the papilla bulges and also elongates and forms the 
body of the spore (Fig. 10). Finally, the body of the spore is cut off from 
the conidiophore (Fig. 12). 


The structure of the pycnidium and the one-celled hyaline conidia indi- 
cate that the fungus should be placed in the Spherioidee-Hyalospore. The 
fungus resembles Ciliochora Hoehnel in having a “ phyllachoroid ” pycni- 
dium (Hoehnel, 1919). Hoehnel’s (1919, p. 159) description of Ciliochora 
is: “ Stroma phyllachoroid, Lokulus tief eingewachsen, Konidie einzellig, 
110 
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Fics. 1-14. Petrakomyces indicus, ftom type specimen (Herb. M.U.B.L. No. 836). 
Fig. 1, section of pycnidium; Figs. 2-13, development of conidiophore and conidium; Fig. 14, 
mature conidia. 


hyalin, oben mit geteilter Zilie.”” The type species is C. /ongiseta (Racib.) 
Hoehnel (= Neottiospora longiseta Racib.). A description of N. longiseta 
Racib. is given by Saccardo (1902, p. 891) wherein the conidia are described 
as: “ Sporulis ovatis, utrinque acutis, hyalinus v. pallide griseis, 20-24 10, 
apice setam pro basi furcatum vel in ramos tres divisam tenuissimam, 
hyalinam, ca. longam gerentibus.” From the generic description of Hoehnel 
and from the description of the type species given by Saccardo, it is obvious 
that our fungus is different from Ciliochora Hoehnel in having a simple apical 
appendage. 


The other genus which was considered is Ciliophora Petrak (Sydow and 
Petrak, 1929). The type species, C. cryptica Petrak is stated to have hyaline, 
one-celled, fusoid, falcate or lunate conidia, each with a long, oblique, apical 
cilium. Although our fungus agrees with C. cryptica in having one-celled 
hyaline conidia each with an apical appendage, it differs from C. cryptica 
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in minor details of spore characters such as shape, etc. Apart from this, 
there is a more important distinction between the two fungi in that Cilio- 
phora is a hyperparasite on Phyllachora, a fact incorporated by Petrak in 
the generic as well as specific diagnoses; our fungus, on the other hand, 
is a parasite on the leaves of a phanerogam. Further, the pycnidium in 
Ciliophora is not phyllachoroid. 


Our fungus therefore has to be placed in a new genus. We name it 
Petrakomyces, in honour of Dr. F. Petrak of Vienna, well known for his 
work on Spheropsidales. 


Petrakomyces Subramanian and Ramakrishnan gen. nov. 


Pertinet ad Fungos Imperfectos, sect. Sphzrioidearum, atque Hyalo- 
sporar. Stroma phyllachoroideum, includens cavitatem pycnidialem absque 
ostiolo, dehiscens per fissuram elongatum. Conidiophori simplices, insi- 
dentes toti superficiei interne cavitatis pycnidialis. Conidia acrogena, 
hyalina, unicellulata, ornata appendice simplici, apicali, hyalina, longa, 
flagelli instar, filamentosa. 


Species typica sequens. 
Petrakomyces indicus Subramanian and Ramakrishnan sp. nov. 


Stromata in foliis, circularia, ovalia vel elliptica, nigra, usque ad 2 mm. 
longa. Cavitates pycnidiales singule in unoquoque stromate, absque 
ostiolis, dehiscentes per fissuras elongatas. Conidiophori insidentes toti 
interne superficiei cavitatis pycnidialis, simplices, robusti, hyalini, breves, 
11-23 x 3-5. Conidia acrogena, hyalina, unicellulata, parietibus aliquantum 
crassis predita, elliptica, ad basim truncata, ad apicem ornata appendice 
longa, filamentosa, flagelli instar; conidia 25-32x8-lly, appendices 
43-76 x 


Habitat in foliis viventibus (?) Bambus@ spec.; typus lectus in loco 
Walayar, provincia Malabar, in Statu Madras, die 5 Octobris anni 1952, 
a C. V. Subramanian et K. Ramakrishnan, et positus in Herbario M.U.B.L. 
sub Numero 836. 


Petrakomyces Subramanian and Ramakrishnan gen. nov. 


Fungus Imperfectus, Spherioidex, Hyalospore. Stroma phyllachoroid, 
enclosing pycnidial cavity without an ostiole, opening by an elongate cleft. 
Conidiophores simple, arising from entire inner surface of pycnidial cavity. 
Conidia acrogenous, hyaline, one-celled, with a simple, apical, hyaline, long, 
filamentous, whip-like appendage. 


Type species: 
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Petrakomyces indicus Subramanian and Ramakrishnan sp. nov. 


Stromata on leaves circular, oval or elliptical, black, up to 2 mm. long. 
Pycnidial cavities in stroma, one in each, without ostioles, opening by 
elongate clefts. Conidiophores arising from entire inner surface of pycnidial 
cavity, simple, hyaline, stout, short, 11-23x3-5p. Conidia acrogenous, 
hyaline, one-celled, slightly thick-walled, elliptical with a truncate base and 
with a long, apical, filamentous, whip-like appendage; conidia 25-32 x 8-11 », 
appendages 43-76 1p. 


Habit: on living leaves of (?) Bambusa sp., Walayar (Malabar District, 
Madras State), 5-10-1952 (Herb. M.U.B.L. No. 836-Type), coll. C. V. Subra- 
manian and K. Ramakrishnan. 


We thank Prof. T. S. Sadasivan for critically reading the manuscript, 


and Prof. H. Santapau for translating the generic and specific diagnoses 
into Latin. 
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EARLY TENSION RELAXATION DURING 
CONTRACTION OF UNSTRIATED MUSCLE 


By InperuiT SINGH, F.A.Sc., F.N.L. 
(From the Department of Physiology, Medical College, Agra) 


Received February 2, 1953 


RAUH (1922) demonstrated that a frog skeletal muscle relaxes very slightly 
during the latter part of its latent period, just prior to the development of 
tension. Little attention was paid to it till Sandow (1944, 1945 a, b, 1946) 
using the piezo-electric technique further studied the phenomenon and deve- 
loped a theory to explain it. Schepfle and Gilson (1945) concluded that 
the early relaxation is an artifact produced in the propagation of a tension 
wave through a viscous elastic medium. This argument was not supported 
by Sandow (1947) and by Abbott and Ritchie (1951) who found that the 
early relaxation was still visible when the tension was recorded at the point 
of stimulation. Hill (1951) proposed that the early relaxation occurs in 
the parallel elastic structures. Sandow (1952) has counteracted this argu- 
ment. He has shown that the latency relaxation can be dissociated from 
the excitatory process and that it is very labile. It changes markedly with 
previous activity of the muscle (Sandow, 1945a; Sandow and Karczmar, 
1950), with temperature and hydrogen-ion concentration (Sandow, 1947), 
under excess potassium treatment (Sandow and Kahn, 1949) and under the 
action of nitrate—Ringer’s solution (Kahn and Sandow, 1950). According 
to Sandow, all this strongly suggests that a relatively inert structure like the 
sarcolemma or the series elastic connective tissue cannot be the locus of 
latency relaxation, but this phenomenon must be associated with some highly 
physiologically active material such as some part of the actual contractile 
system. 


Unstriated muscle is known to relax prior to contraction (Singh and 
Singh, 1949 a). In the present research, an attempt has been made to study 
this phenomenon (henceforward designated as LR). In the present paper 
we are Only concerned with the depth of LR. It will be interesting to com- 
pare this with the LR of striated muscle. The movements of unstriated 
muscle are so slow and the magnitude of LR comparatively so great, that 
there can be no question about its genuineness. 


The LR in unstriated muscle}was also compared with electrical and 
chemical inhibition, in order to elucidate its relationship with inhibition 
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in general. Further an attempt has been made to trace its relationship to 
the processes that miay activate the contractile mechanism. 


METHODS 


The movements of unstriated muscle are so slow, and the magnitude 
of LR comparatively so large, that no special apparatus was required, other 
than usually used for stimulation of the muscle. To produce LR, dog’s 
stomach muscle from the cardiac end was stimulated with potassium or 
ammonium every 30 minutes. To stimulate with potassium, 40 p.c. of the 
sodium of the saline at pH 8 (Singh, 1940, 1942) was replaced with potassium, 
and to stimulate with ammonium, the whole of the sodium was so replaced. 
Frog’s stomach muscle from the cardiac end was used for production of 
inhibition by adrenaline (1 in million). — 


RESULTS 


Unstriated muscle when stimulated electrically or chemically, relaxes 
a little prior to contraction. This has been obtained with Mytilus muscle, 
especially with excess potassium treatment, in frog’s stomach muscle and 
dog’s stomach muscle. But with the apparatus used, it is not always apparent. 
It is obtained most consistently if dog’s stomach muscle, especially from 
the cardiac end, is stimulated with potassium or ammonium, the latter being 
preferred; the temperature of the saline should be 23-25°C. 


The magnitude of the LR is variable. It may be just visible or may be 
quite deep, about 10 p.c. of the peak tension. The breadth or the duration 
of the LR usually increases with its depth. 


The after-relaxation (AR).—Not only the muscle relaxes prior to contrac- 
tion, but the contraction curve dips below the starting level before it returns 
to normal (Figs. 2, 11, 13). This is produced by all forms of stimulation 
in Mytilus muscle (Singh, 1938 c), frog’s stomach muscle (Singh, 1939), dog’s 
stomach muscle and intestine, the intestine of rabbit and hen, the human 
appendix and the guinea pig’s uterus. The properties of AR will also be 
described; it was produced by stimulating dog’s or frog’s stomach muscle 
with alternating current, 10 volts for 10 seconds. 


The relation between LR and peak tension—There are two kinds of 
responses. In one kind, the magnitude of LR varies in the same direction 
as the peak tension (Fig. 9) and in the other, they vary oppositely. In the 
latter instance, as the preliminary relaxation increases, the subsequent tension 
disappears and pure inhibition is produced. Similarly the AR is also of two 
kinds. 
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It is clear that here we are dealing with two phenomena, which are 
mixed in these observations. One is inhibition and the other LR proper; 
similarly the relaxation occurring after the contraction has subsided, is a 
mixed phenomenon, one of the responses being inhibition, and the other, 
AR, corresponding to LR. The AR, corresponding to LR, suggests that 
the events inside the muscle, which are produced during contraction, are 
now repeated in the reverse order before the tissue returns to its original 
state. The inhibition occurring after the contraction has subsided, corres- 
ponds to the positive after potential in nerve. 


Effect of initial length or tension—The LR increases if the initial length 
of the muscle is increased up to a certain extent, and thereafter it decreases 
(Fig. 1). This corresponds to simialr results in striated muscle (Abbott 
and Ritchie, 1951). Inhibition produced by potassium in guinea pig’s 
uterus (Singh, 1942) and adrenaline in frog’s stomach muscle, and AR, also 
required an optimum length for their maximal production. 


Unloaded dog’s stomach muscle also shows LR and AR, so that these 
can be produced by active relaxation of unstriated muscle (Singh and Singh, 
1949 a; 1952). In the present experiments, the LR and AR appear to be 


due to passive relaxation, as their properties with loaded and unloaded muscles 
do not correspond exactly. 


Effect of temperature——The temperature of the saline was increased 
from 15°C. to 40°C. in steps of 5°. The LR and AR in dog’s stomach 
muscle and adrenaline inhibition and AR in frog’s stomach muscle, have an 
optimum temperature of about 23-25° C. (Figs. 2, 3), which is the same as 
that found by Sandow (1947) for LR in frog’s sartorius. 


The above responses are absent at 40-41°C. If the muscle is kept at 
41° C. for a few minutes and then returned tothe optimal temperature of 25°C., 
the magnitude of these relaxations is not as great as it was at 25° C. before 
submission to higher temperature. This is especially so in dog’s stomach 
muscle, the frog’s stomach muscle being less affected. In dog’s stomach 
muscle, there are individual variations, some requiring shorter, and other 
longer exposure, to high temperatures for inactivation, the muscle from the 
pyloric part being more susceptible than from other parts of the stomach; 
the irreversible inactivation begins between 37-38° C. Sandow (1947) found 
in frog’s sartorius, that irreversible inactivation of LR begins at a critical 
temperature of about 37-5°C., and the rate of irreversible inactivation 
increases very rapidly within the range of next few degrees. Another critical 
temperature exists at about 41° C., for at or above this temperature, com- 
plete irreversible inactivation of LR occurs in a few minutes. It appears 
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that a temperature of about 24° C. is a critical one for muscle, as this is the 
optimum temperature for LR in frog’s sartorius, for the response to alternat- 
ing current in dog’s retractor penis (Winton, 1927), dog’s stomach muscle 
(Singh, 1940), and for other responses as mentioned above. 


The optimum temperature for active relaxation of dog’s stomach muscle 
was found to be 30° C. (Singh and Singh, 1949 a), of frog’s stomach muscle, 
25 to 30° C., of guinea pig’s uterus, 25-30° C. (Singh and Singh, 1951 c, d, e). 
It is interesting to note, that active relaxation is impaired, if the muscles are 
exposed to high temperatures as described above. 


Inhibition produced by ammonium in dog’s stomach muscle increases 
up to 20°C. and then decreases to a minimum at about 25° C., and then 
again increases upto about 35-37° C., if inactivation does not set in or to about 
30° C., if inactivation sets in. Tonus in frog’s stomach muscle increases 
up to 20°C. then decreases to a minimum at about 25-30°C., and then 
increases again (Rao and Singh, 1940); the same may be found in dog’s 
stomach muscle (Singh and Singh, 1952 c). Sandow (1947) found that the 
magnitude of the action potential of the frog’s sartorius rises in value up to 
20° C., and then falls to a minimum at about 24-25° C., then rises again to 
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a new maximum about 35° C., and finally at still higher temperatures, falls, 
until at 41°C., it is practically zero. 


The above experiments suggest that the LR in striated and unstriated 
muscles are identical, and that they are both identical with inhibition, that 
has an optimum temperature of about 25° C.; the inactivation by higher 
temperatures also supports this view. In frog’s stomach muscle, this is 
the only optimum temperature, found for inhibition. 


Effect of activity——Unstriated muscle is always in a state of activity, 
hence all that can be tested is the effect of change of activity. Besides, 
ammonium or potassium do not produce a twitch but a tonic contraction. 
Previous stimulation with potassium, ammonium, nitrate, iodide, thiocyanate, 
barium or other stimulants decrease the LR in dog’s stomach muscle, AR in 
frog’s and dog’s stomach muscle and adrenaline inhibition in frog’s stomach 
muscle. As ammonium and potassium produce a tonic contraction, the LR 
produced by these substances in dog’s stomach muscle may decrease with 
repeated stimulation (Fig. 4). It may even disappear if the muscle is stimu- 
lated a second time, especially at higher temperatures, such as 30° C. 


If the dog’s stomach muscle is stimulated with alternating current about 
once a minute, the LR produced by ammonium decreases (Fig. 5). The same 
result is produced of the muscle is tetanised. The preliminary relaxation 
may increase, but this is due to inhibition, as the subsequent peak tension 
decreases. 


Effect of iodoacetic acid.—Sodium iodoacetate (1 in 10,000) decreases 
the LR produced by ammonium in dog’s stomach muscle, AR in dog’s and 
frog’s stomach muscle and adrenaline inhibition in frog’s stomach muscle 
(Figs. 6, 7); the latter at first slightly increases. In these experiments, the 
muscle was not previously tetanised, as it constantly shows tonic activity, 
and as pointed above, each previous stimulation by ammonium is a tonic 
contraction. If the muscle is further stimulated in between the responses, 
the depressant effects of iodoacetic acid are still more marked. 

Effect of sodium cyanide.—Sodium cyanide (1 in 10,000), abolishes the 
tension subsequent to LR, so that only inhibition remains (Fig. 8). 

Effect of calcium ions.—In the absence of calcium, there is decrease of 
LR, produced by ammonium in dog’s stomach muscle, of AR in frog’s and 
dog’s stomach muscle and adrenaline inhibition in frog’s stomach muscle; 
excess of calcium at first increases and then decreases these relaxations. 


Effect of hydrogen ions.—Increase in the hydrogen-ion concentration of 
the saline (experimental range, pH 8 to 6), diminishes LR in dog’s stomach 
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muscle, AR in frog’s and dog’s stomach muscle, and the inhibition pro- 
duced by adrenaline in frog’s stomach muscle (Figs: 9, 10). Pure inhibition 
may be increased by hydrogen ions (Singh, 1942). Active relaxation of 
dog’s stomach muscle and frog’s stomach muscle by adrenaline is decreased 
by hydrogen ions (Singh and Singh, 1949 a, 1051 c, d, e). 


Effect of potassium.—If the potassium content of the mammalian saline 
(24 mg. % K) is doubled, the LR produced by ammonium in dog’s stomach 
muscle is greatly increased; in fact, potassium is-the most powerful sub- 
stance in increasing the LR (Fig. 11). The effect of potassium diminishes 
with time, so that ultimately the effect may be opposite. If larger con- 
centrations of potassium are used, the preliminary relaxation increases, but 
the peak tension diminishes and ultimately disappears, so that only pure 
inhibition remains, increasing potassium concentration thus dissociating LR 
and inhibition produced by ammonium. The decrease of LR by potassium 
may be ascribed to activity; the effect is enhanced by increase of temperature, 
such as up to 30°C. 


Exactly similar effects of potassium are produced on the AR. In the 
dog’s stomach muscle, increase in the concentration of potassium in the 
saline up to 24 mg. % K increases the peak tension as well as the AR. With 
further increase in the concentration of potassium, there is decrease of peak 
tension but increase of AR; ultimately the AR is decreased. Similar 
effects are produced in the frog’s stomach muscle, the AR and peak tension 
both increasing with increase in the concentration of potassium in the saline 
up to 40mg, %K:; thereafter they are affected oppositely as in the dog’s 
stomach muscle; ultimately the AR decreases. 


Inhibition produced by adrenaline in frog’s stomach muscle is affected 
similarly. If the concentration of potassium in the saline is increased from 
about 5 mg. %K to 40 mg., the adrenaline inhibition at first increases and 
then decreases (Fig. 12); or the concentration may be increased from 40 to 
80 mg. Ultimately, the adrenaline inhibition decreases and may be abolished 
altogether. 


Addition of many substances to the saline causes changes in tonus of 
unstriated muscle, but the changes in LR appear to be independent of these 
changes in tonus. Thus in Fig. 9, there is increase in tonus, but the LR 
diminishes; in Figs. 11, 13, increase in tonus is associated with increase in 
LR. In such experiments, the muscle must possess sufficient tone, so as 
to show relaxation. 


Active relaxation of dog’s and frog’s stomach muscle is decreased by 
excess of potassium (Singh and Singh, 19494; 1951 ¢, d, e), 
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Effect of nitrate—Replacement of the chloride of the saline with nitrate 
increases LR produced by ammonium in dog’s stomach muscle (Fig. 13), 
AR in frog’s and dog’s stomach muscle, and adrenaline inhibition in frog’s 
stomach muscle (Fig. 14). The effect of nitrate decreases with time, so that 
ultimately it may be opposite; this latter effect may be ascribed to activity. 
Nitrate decreases active relaxation of frog’s and dog’s stomach muscle 
(Singh and Singh, 1949a; 1951 c, d, e). 


Relation between LR and inhibition —If the concentration of ammonium 
in the saline is decreased, the preliminary relaxation in dog’s stomach muscle 
increases, the peak tension decreases and ultimately vanishes till only inhibi- 
tion remains (Fig. 15). 

DISCUSSION 

The results described hitherto disclose two interesting facts. (1) The 
LR in frog’s sartorius and dog’s stomach muscle are more or less similar, 
even though there is such a great difference between their magnitudes. (2) LR 
is identical with inhibition in unstriated muscle, There are at present two 


‘ 
p00 
> 
| 
100 
0 30 60 120 
| 
q 
» 
4 
\ 4 
4 
i 


122 INDERJIT SINGH 


theories concerning LR. Sandow believes that it is due to relaxation of 
muscle fibres. According to A. V. Hill, it is due to elongation of a parallel 
structure, perhaps the sarcolemma or some other hypothetical membrane. 
The facts are such, that the author is inclined to agree to both these views ; 
at least in unstriated muscle, there can be no doubt, that the LR is due to 
relaxation of muscle fibres. In consideration of the second view, the exist- 
ence of two parallel contractile elements in the same fibre have been pro- 
posed (Singh and Singh, 1951 c). 


There is hardly any doubt that relaxation in unstriated muscle differs 
from that in striated muscle. In the latter, relaxation occurs on cessation 
of stimulation. This also occurs with certain kind of contractions in un- 
striated muscle. But this mechanism alone does not appear to be enough. 
In unstriated muscle, there are a special set of inhibitory nerves to produce 
relaxation. It is most likely that motor and inhibitory nerves activate 
different mechanisms, which may be respectively present in two kinds of 
fibres or in the same fibre. In striated muscle, it would appear that the 
mechanism corresponding to that supplied by inhibitory nerves in unstriated 
muscle, is very poorly developed, hence the small magnitude of LR. 


There is another possible explanation. If the contraction is due to 
the liberation of some substance such as adenosinetriphosphate (ATP), then 
small concentrations might cause relaxation and larger concentrations, con- 
traction. Thus the LR would be due to the time taken in building of the 
requisite concentration of ATP. 


The above view is supported by the following observations. Small 
concentrations of potassium mercury iodide cause relaxation of tendon, 
and larger concentrations, contraction. Large concentrations may cause 
an initial relaxation prior to contraction (Pryor, 1950). These results are 
similar to those produced by ammonium, as described above, so that excitation 
by ammonium presumably liberates a substance which acts on the contractile 
mechanism in a way similar to potassium mercury iodide on tendon. It is 
well known that if strong stimuli cause contraction of unstriated muscle, 
weak stimuli may cause relaxation. If the excitability is diminished, then 
strong stimuli, which usually cause contraction, may cause relaxation. Thus 
in Mytilus muscle, small voltages of alternating current cause relaxation; 
if the excitability of the muscle is decreased by excess of ammonium, 
potassium, bromide, nitrate, iodide, thiocyanate, diminution of the calcium 
concentration of the saline, etc., then stronger stimuli cause relaxation. 
Similarly small concentrations of ammonium, potassium, calcium, nitrate, 
thiocyanate, adrenaline, veratrine, caffeine, acetylecholine, cause relaxation 
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whilst larger concentrations cause contraction. It is known that small con- 
centrations of adrenaline may cause vasodilatation, whilst larger doses cause 
vasoconstriction. Similarly weak stimuli applied to nerves may produce 
dilator effects, and strong stimuli constrictor effects. There is antagonism 
between tone and twitch (Singh, 1938 a), so that increase in tonus decreases 
excitability. This explains a peculiar property of unstriated muscle, that a 
stimulus (e.g., electrical or mechanical) which when applied to the relaxed 
muscle, causes a contraction, will when applied to the tonically contracted 
muscle often provokes a rapid relaxation. The same even holds true in 
some instances for the effects of stimuli applied to nerves supplying un- 
striated muscle (Evans, 1952). It is therefore quite possible, that vasodilator 
effects recorded on stimulation of the splanchnic nerves after administration — 
of ergotamine (Dale, 1913), dibenamine (Nickerson and Goodman, 1947; 
Folkow et al., 1948), adrenaline (Burn, 1932), may be due, not to the presence 
of vasodilator fibres, but to the diminished excitability of unstriated muscle 
of the blood vessels. Fatigue, as it diminishes excitability, may also con- 
vert a vasoconstrictor effect into a vasodilator one; thus whilst the first 
injection of pituitrin produces rise in blood pressure, a second dose soon 
after produces a fall of pressure. 

If we postulate two sets of mechanisms, the above results can be. 
explained by supposing that the threshold for the relaxing mechanism is lower 
than for the contracting mechanism. It is possible that the relaxing mechan- 
ism is well developed in unstriated muscle, and only vestigeal in striated 
muscle, hence the differences in some of the properties of the two kinds of 
muscles. Whatever the action of ATP during contraction, one thing is 
certain, that rigor in muscle is associated with the breakdown of ATP 
(Erdos, 1943; Bate Smith and Bendall, 1947); the function of ATP might 
be to keep the muscle in a relaxed state by combining with the contractile 
proteins. This is in agreement with the fact, that though unstriated muscle 
is always found in a contracted state, yet it contains about one-seventh of 
the high energy phosphates as in striated muscle (Csapo and Gergely, 1950). 
Engelhardt (1941) has demonstrated that artificially spun myosin fibres 
undergo an increase in extensibility especially in the act of splitting ATP. 


it has been suggested that unstriated muscle contains two systems, one 
requiring energy for contraction and the other for relaxation, striated muscle 
containing the former system only (Singh and Singh, 19496; 19504, 6; 
1951 a,b,c; 1952a,b; Singh, 1951). These presumably consist of two 
contractile proteins or combination of proteins, let us say X and Y respec- 
tively. It is further presumed that X relaxes on release of a substance such 
as ATP and Y is a complex of X and ATP-XATP, though it is possible that 
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the protein part of Y may not be identical with X. Unstriated muscle would, 
therefore, contain less ATP than striated muscle, as actually shown by 
chemical estimation. XATP contracts on further release of ATP, if we 
assume that small concentrations of ATP cause relaxation and larger con- 
centrations, contraction, as suggested by experiments described above. 
XATP may contract on release of a substance, other than ATP. In this 
connexion the findings of Bozler (1952) are relevant; he finds that in the 
relaxed condition the contractile elements of glycerinated psoas are present 
in an activated state, possibly brought about by chemical combination of 
ATP with the contractile proteins, and that calcium ions in very low con- 
centrations cause rapid contraction of this activated system, even in the 
absence of free ATP. The findings of Buchthal, Deutch, Knappeis and 
Munch-Petersen (1949) are also relevant; they have demonstrated phosphory- 
lation of myosin. Striated muscle would contain only traces of X, hence 
the minuteness of LR. X and XATP would be in parallel and would con- 
tract or relax together (Singh and Singh, 1951). Whilst shortening of 
XATP would require energy, the shortening of X might give up energy, and 
so be responsible for the Fenn effect. In this connexion, it may be mentioned, 
that during one kind of tonic contraction, the metabolism of unstriated muscle 
decreases, such as diminution of oxygen consumption (Rao and Singh, 1940) 
and diminished production of lactic acid (Bharadwaj and Singh, 1951), and 
as expected one kind of tonic contraction of unstriated muscle is not sus- 
ceptible to asphyxia or may actually increase on asphyxiation. In rigor of 
striated muscle, XATP releases X, so that rigor in striated muscle is akin 
to a physiological contraction of unstriated muscle, provisionally termed 
as alactic tone (Singh, 1951). The twitch contractions in unstriated muscle 
are similar to those of striated muscle, possibly produced by XATP. This is 
supported by the fact, that though unstriated muscle contains about one- 
seventh of the high energy phosphates in striated muscle, the energy require- 
ments for a single contraction appear to be of the same order of magnitude 
in both muscles (Csapo and Gergely, 1950), and the twitch contraction in 
unstriated muscle is accompanied by increase in oxygen consumption (Rao 
and Singh, 1940) and lactic acid (Bharadwaj and Singh, 1951); it follows 
therefore, that a greater part of the sustained tension of unstriated muscle 
could not be due to the same chemical changes. On the contrary, relaxation 
of X would require energy, hence active relaxation in unstriated muscle and 
not in striated muscle, and increased consumption of oxygen (Rao and 
Singh, 1940) and lactic acid production (Bharadwaj and Singh, 1951) of 
relaxing muscle. In unstriated muscle, therefore, both contraction as well 
as relaxation are energised, 
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Unstriated muscle shows two kinds of tone, one which is susceptible to 
asphyxia and the other which is resistant; these have been provisionally 
termed as lactic and alactic tones respectively (Singh and Singh, 1948; 
Singh, 1949), though the terminology is not strictly correct, because lactic 
tone may derive energy from sources other than glycolysis, as it may be 
maintained if the muscle is poisoned with iodoacetic and alactic tone is 
maintained without expenditure of energy, whether from glycolytic or other 
sources. The asphyxia-resistant tone is of two kinds, one susceptible to 
inhibition, or capable of being relaxed by glucose or oxygen; it is due to 
interference with active relaxation. This tone passes into the next one, 
which is not susceptible to inhibition and cannot be relaxed by glucose or 
oxygen. It corresponds to rigor of striated muscle and presumably due to 
contraction of X protein. The phasic contraction and lactic tone are pre- 
sumably due to the contraction of XATP; lactic tone corresponds to con- 
tracture of striated muscle. Alactic tone is not antagonistic to twitch. 


In these and previous experiments it has been found that lactic tone is 
of two kinds. One kind is antagonistic to twitch, and the other is not anta- 
gonistic. Thus many tonic contractions are antagonistic to twitch (Singh, 
1938 a). The human appendix shows considerable tone which is not anta- 
gonistic to twitch (Khan and Singh, 1947). Similarly, in frog’s stomach 
muscle, small concentrations of potassium increase tone which is not anta- 
gonistic to twitch, and larger concentrations produce tone which is anta- 
gonistic. Tone antagonistic to twitch is again of two kinds; one kind is 
susceptible to inhibition and the other is antagonistic. The former kind of 
tone is shown by guinea pig’s uterus and intestines of rabbit and hen. 
Excess of potassium and other ions such as iodide, thiocyanate, barium, 
produce tone which is antagonistic to inhibition (Singh, 1942). The anta- 
gonism to twitch in the former tone appears to be due to increased accommo- 
dation (Singh, 1938 5) and in the latter tone is due to increase in the threshold 
for excitation, though accommodation is decreased (Singh, 1938 a); in the 
former, inhibition is readily produced, as it is identical with accommodation 
(Singh, 1945). 


Various unstriated muscles differ from one another in two respects: 
(i) They contain various mixtures of lactic and alactic tones. (2) They 
exhibit varying capacities for lactic tone and twitch. Some produce power- 
ful twitches and little lactic tone, and others show the opposite; skeletal 
muscle may be considered to be an extreme example of the former group. 
If we designate alactic tone as A, lactic tone as L, and twitch as T, then the 
formula for unstriated muscle would be xA + yL+2T; different kinds 
of unstriated muscle would differ from one another in having different values 
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for the constants x, y, z. Striated muscle would be a variety of unstriated 
muscle in which x is practically zero, and the value of y less, and that of x 
greater than in unstriated muscle. It is difficult to say whether unstriated 
muscle contains different proteins (or combinations of proteins) for twitch 
and lactic tone; if so then it will contain three contractile proteins and 
striated muscle two; in this connexion, it is interesting to note, that besides 
actomyosin discovered by Szent-Gyorgyi and Straub (1947), another protein, 
tropomyosin, has been found in striated muscle (Bailey, 1946). The res- 
ponses of unstriated muscle may now be summarised. It will be seen that 
unstriated muscle produces sustained tension in seven different ways (A, B, 
C, D, E, F, G); group M, with the exception of D is susceptible to asphyxia 
and group N is resistant. 


Contractions of unstriated muscle 


+ 
M. Contraction ‘owe energy N. Relaxation requires energy 
Tone, lactic, akin Twitch (F) Tone, due to interference with 
to contracture active relaxation, susceptible 
of striated muscle | to inhibition 
(E) Tonus due to 1 
{ fusion of (G) Same as above, not suscepti- 
(A) Not anta- Antagon- _ twitches, akin ble to inhibition; alactic tone; 
gonisticto _ istic totwitch _ to tetanus akin to rigor mortis of 
twitch | of striated muscle striated muscle 
(B) Suschptible to (C) Anta to (D) Toni Tequiring energy, due 
inhibition inhibition to change in the internal confi- 


guration of proteins, probably 
from fibrous to globular 


SUMMARY 


1. Unstriated muscle relaxes a little prior to contraction, and the con- 
traction curve dips below the starting level before it returns to normal; the 
former relaxation has been termed as LR and the latter, AR. Properties 
of LR, AR and adrenaline inhibition have been studied. 


2. LR, AR and adrenaline inhibition require an optimum length for 
their production. 


3. The optimum temperature for LR, AR and adrenaline inhibition 
is about 25° C.; higher temperature cause inactivation. 


4. Previous activity decreases LR, AR and adrenaline inhibition. 


5. lIodoacetic acid decreases LR, AR and adrenaline inhibition. 


6, Sodium cyanide abolishes the peak tension, but increases inhibition. 
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7. LR, AR and adrenaline inhibition decrease in the absence of calcium 
ions; excess of calcium at first increases and then decreases these relaxations. 


8. Increase in hydrogen-ion concentration from pH 8 to 6, decreases 
LR, AR and adrenaline inhibition. 


9. Potassium at first increases and then decreases LR, AR and adrena- 


line inhibition. 


10. Nitrate at first increases and then decreases LR, AR and adrenaline 


inhibition. 


11. It is concluded that LR and AR are identical with inhibition and 
are produced by relaxation of muscle fibres. 
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EXPLANATION OF FIGURES 


on subsequent addition of ammonium, LR increases in depth and breadth. 


Fic. 2. Dog’s stomach muscle. 
Fic. 3. Frog’s stomach muscle. Effect of temperature on tension produced by alternating 


Effect of temperature on LR. 


current (1.T.), on AR, and inhibition produced by adrenaline, 1 in million (adr). 


Fic. 4. Dog’s stomach muscle. Effect of activity on LR. 
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Fic. 5. Dog’s stomach muscle. Effect of activity on LR. 
A. Normal. 
B. Effects of stimulation with alternating current 10 volts for 10 seconds per minute 
for 15 minutes on LR. 
Fic. 6. Dog’s stomach muscle. Effect of sodium iodoacetate (1 in 10,000) on LR. 
A. Normal. 
B. After soaking in iodoacetic acid for 1 hour. 
C. After further 20 minutes. 


Fic. 7. Frog’s stomach muscle. 
produced by adrenaline (1 in million). 


Effect of sodium iodoacetate (I1.A.A.) on inhibition 


Fic. 8. Dog’s stomach muscle. Effect of sodium cyanide (1 in 10,000) on-LR. Ist response 
is normal, 2nd response after the muscle had been in cyanide. 


Fic. 9. Dog’s stomach muscle. Effect of pH on LR. The drum is stopped for about half 
an hour in between the responses. pH 8 made with borate, pH 7 and 6-5 with phosphate. 


Fic. 10. Frog’s stomach muscle. Effect of pH on AR and inhibition produced by adrena- 
line (1 in million); ADR. 


Fic. 11. Dog’s stomach muscle. Effect of potassium on LR. 
A. Constant LR response in saline. 
B. Effect of excess of potassium on LR. 


Fic. 12, Frog’s stomach muscle. Effect of excess potassium (K) on inhibition produced 
by adrenaline (1 in million). 


Fic. 13. Dog’sstomach muscle. Efiect of nitrate saline on LR. 


A. Constant response in saline. 
B. LR in nitrate saline. 


Fic. 14. Frog’s stomach muscle. Effect of nitrate saline on inhibition produced by adrena- 
line (1 in million). 

A. Constant response in saline. 
B. In nitrate saline. 


Fic. 15. Dog’s stomach muscle. Effect of concentration of ammonium on LR. 
A. All the sodium of the saline is replaced with ammonium. 
B. 20 p.c. of the sodium is replaced with ammonium. 

C. 5 p.c. of the sodium of the saline is replaced with ammonium. 
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